Most of the adult population are infected with Epstein-Barr virus (EBV), but as EBV replication is usually under immune system control, the majority of individuals remain asymptomatic. On the other hand, some individuals continuously retain a high EBV antibody titer and a high EBV DNA load in their blood, suggesting a defect of EBV replication control. To date, only a limited number of reports have addressed the relationship between this chronic form of EBV infection and renal involvement. Here, we describe an 80-year-old woman who developed acute kidney injury shortly after an episode of mosquito bites, accompanied by a severe skin rash, which raised a suspicion of chronic EBV infection. She was subsequently diagnosed as having chronic replicative EBV infection. Renal biopsy revealed a diagnosis of IgA nephropathy with crescent formation. Although the relationship between IgA nephropathy and EBV infection has been discussed, no substantial understanding has yet emerged. The patient's characteristic clinical course suggested that the renal failure may have been partly attributable to chronic EBV infection. This case suggests that physicians may need to consider the possibility that chronic EBV infection may affect the clinical course of IgA nephropathy, or exacerbate the disease.
Introduction
Epstein-Barr virus (EBV) is a member of the human herpesvirus family. Infectious mononucleosis, a primary infection caused by EBV often occurring in adolescence, is usually a self-limiting benign disease characterized by symptoms such as fever, pharyngitis, lymphadenopathy or hepatosplenomegaly [1] . However, the replication of EBV is usually controlled after the primary infection has subsided, and most of the general population remain asymptomatic thereafter, although latent EBV persists in lymphocytes throughout the life of the host. Occasionally, however, some patients retain a high EBV antibody titer and high levels of EBV DNA in their blood, and EBV genome-positive cells are sometimes present in affected tissues. Although the underlying mechanism remains to be clarified, this long-term persistent EBV replication is known to be associated with various diseases or conditions, such as chronic active Epstein-Barr virus (CAEBV) disease [2] , hypersensitivity to mosquito bite (HMB) [3] [4] [5] , or certain hematologic malignancies [6] .
However, only a limited number of reports have addressed the relationship between chronic EBV infection and renal complications. Although tubulointerstitial nephritis as a renal complication of EBV infection has been well described [7] [8] [9] , previous reports of glomerular disease in chronic EBV infection have been limited [10] [11] [12] . Furthermore, as EBV usually affects children or adolescents, descriptions of adult cases have been sparse.
Here, we report an elderly female patient who rapidly developed renal failure shortly after recurrent episodes of mosquito bites. The skin rash that subsequently developed raised the possibility of chronic EBV infection, and subsequent investigation confirmed the diagnosis of chronic replicative EBV infection. Renal biopsy demonstrated IgA nephropathy with crescent formation. The characteristic clinical course of this patient suggested that the chronic EBV infection may have had a close relationship with the observed deterioration of her renal function.
Case report
An 80-year-old woman had been followed up for hypertension at the outpatient department of another hospital. Her blood pressure had generally been well controlled. She had no history of immunodeficiency and had not received immunosuppressants. Urinalysis had revealed slight abnormalities (mild occult blood and proteinuria) for at least several years, but her renal function had been almost stable and not investigated further. Since the age of 42 she had begun to develop intense skin reactions at the sites of mosquito bites, along with general symptoms such as fever and malaise. However, between the bite episodes, she had been completely asymptomatic.
One month prior to admission, the patient had suffered mosquito bites on the face while working outside. Shortly thereafter, she had developed severe skin reactions ( Fig. 1 ), followed gradually by bilateral leg edema. Furthermore, she had suffered further bites on the thigh 2 weeks prior to admission. During this period, her body weight had increased by 4 kg, and her renal function had declined from a usual serum creatinine value of 1.2 mg/dl to one of 4.0 mg/ dl.
She was referred to our hospital because of rapidly progressive severe edema and declining renal function. On admission, her blood pressure was 145/66 mmHg, pulse rate 93/min, and body temperature 37.7 °C. Skin rashes were present on the face and thigh. She had no evident signs of lymphadenopathy, hepatosplenomegaly or pharyngitis. Her laboratory data on admission were: serum creatinine 7.65 mg/ dl, blood urea nitrogen 87.5 mg/dl, white blood cell count 14,060/µl, hemoglobin concentration 8.8 g/dl, platelet count 161,000/µl, C-reactive protein 1.68 mg/dl, ferritin 242 ng/ ml, immunoglobulin (Ig) G 2898 mg/dl, IgA 919 mg/dl and IgM 192 mg/dl. IgE was markedly elevated at 72,369 IU/ ml. The liver aminotransferase levels were normal. Hepatitis virus B and C were both negative. Results of immunological tests were all unremarkable, including myeloperoxidase antineutrophil cytoplasmic antibody (ANCA), proteinase 3 ANCA, antinuclear antibody and anti-glomerular basement membrane antibody. The serum complement CH50 titer was normal at 53 U/ml (normal range 32-58). Immunoelectrophoresis using a serum sample revealed no monoclonal protein. No Bence-Jones protein was present in her urine. Microscopic examination of her urine demonstrated > 100 red blood cells and 1-4 white blood cells per high-power field. Urinary protein excretion was 1.6 g/day. Computed tomography revealed bilateral pleural effusion and bilaterally normal-sized kidneys. She was started and continued on hemodialysis therapy from the second hospital day. We suspected that she had HMB because of intense skin reactions at the affected sites with general symptoms including fever or malaise. A skin biopsy sample from a bite site on her chin demonstrated massive lymphocyte and eosinophil infiltration ( Fig. 2a ). As HMB is known to be associated with chronic EBV infection, we carried out further investigation to ascertain whether the latter was present. Additional blood tests were ordered, and these revealed negativity for anti-EBV viral capsid antigen (VCA) IgM antibody (< 1:20), marked elevation of anti-EBV-VCA IgG antibody (1:640), elevation of EBV-VCA IgA (1:40), and only slight positivity for EBV nuclear antigen (NA) (1:40). In addition, real-time polymerase chain reaction using peripheral blood mononuclear cells demonstrated mild elevation of EBV DNA at 217 copies/10 6 cells. These findings were suggestive of chronic replicative EBV infection. EBV-encoded RNA 1 (EBER-1) in situ hybridization using the skin biopsy specimen Fig. 2b ). Immunohistochemistry using a blood smear showed that the EBER-1 positive cells were stained for cluster of differentiation (CD) 20 ( Fig. 3b ), but not for CD3 ( Fig. 3a ). Finally, we diagnosed her as having a replicate form of EBV infection in B cells; however, as EBV infection of T/NK cells was not demonstrated, a diagnosis of HMB could not be proven. A comprehensive work-up revealed no sign of any hematologic malignancy. We carried out renal biopsy on the 14th hospital day. The biopsy sample contained 10 glomeruli, one of which showed global sclerosis and remainder mild mesangial proliferation. Two glomeruli had cellular crescents and the other showed adhesion and segmental sclerosis ( Fig. 4a, b ). EBER-1 in situ hybridization gave a negative result for the kidney tissue. Immunofluorescence revealed mesangial granular deposits of IgA and C3c (Fig. 4c, d) . Therefore, we diagnosed the patient as having IgA nephropathy. The amount of renal tissue we obtained was insufficient for electron microscopy analysis. We also examined the skin biopsy specimen using immunohistochemistry and this demonstrated extensive IgA deposition ( Fig. 2c) . We started the patient on prednisolone at 30 mg daily, which dramatically improved her skin lesions. However, her renal function did not recover and regular hemodialysis became necessary. As the patient was elderly and there were no evident signs of hematologic neoplasms or immunodeficiency, we decided to closely observe her without any specific treatments for her chronic EBV infection.
After 3 months, her serum profile for anti-EBV antibody and EBV DNA in blood showed no change from that at admission, thus confirming the diagnosis of chronic infection with the replicative form of EBV. Furthermore, the patient's serum IgA level at 6 months after admission was still elevated at 707 mg/dl, suggesting persistent IgA production.
Discussion
Here, we have described an elderly female patient with IgA nephropathy and the chronic replicative form of EBV infection who developed acute kidney injury. Considering the rapid worsening of her renal function shortly after suffering mosquito bites, we speculated that these two factors may have been related, against an underlying pathophysiology of chronic EBV infection.
The present case suggests that chronic EBV infection may affect the clinical course of IgA nephropathy. Patients with chronic EBV infection and glomerular disease have been reported, albeit occasionally (Table 1) . Among them, however, none have had IgA nephropathy. Joh et al. reported a patient with recurrent EBV infection who developed immune complex-type glomerulonephritis [10] . They suggested that the continuously high titer of antibodies against EBV may have been associated with the glomerulonephritis. Although this explanation may have partially applied to our patient, who had a persistently high titer of anti-EBV antibodies, immunofluorescence in their study had revealed mesangial and glomerular basement membrane deposition of IgG, IgM and C3, unlike the situation in our patient, suggesting a different mechanism of disease progression.
As the present patient had chronic EBV infection in B cells, she may have developed hypergammaglobulinemia including marked elevation of IgA because of B cell transformation by EBV [13] , and this may have contributed to disease progression by producing much more pathogenic IgA. Indeed, it has been reported that EBV-transformation of B cells in patients with IgA nephropathy produces more IgA relative to IgG, in comparison to normal controls [14] . There is also a possibility that, in patients with IgA nephropathy, the population of B cells susceptible to EBV activation is increased [14] . Furthermore, although both IgA1 and IgA2 are increased by EBV-transformation of B cells, production of only the IgA1 isotype involved in the pathogenesis of IgA nephropathy is significantly increased in B cells from patients with IgA nephropathy in comparison with controls [15] . These data suggest that chronic EBV infection may affect the progression of IgA nephropathy. However, the patient's serum IgA level had not been examined at the former facility before this episode of renal exacerbation. Therefore, we were unable to conclude definitively that the exacerbation of IgA nephropathy had occurred through the mechanism mentioned above. However, we did confirm that the IgA value was elevated at 6 months after hospitalization. We speculate that this persistently higher IgA value lends support to the above mechanism. In addition, as there was extensive IgA deposition in skin at the bite site, we speculate that the skin reaction may have been related to the pathogenic mechanism underlying the exacerbation of IgA nephropathy. Recently, it has been shown that galactose-deficient IgA1 plays a role in the pathogenesis of IgA nephropathy. Although galactose-deficient IgA1 is produced in components of the mucosal immune system such as the tonsils or gastrointestinal tract under conditions of infection, it has been reported that IgA1-producing B cells in patients with IgA nephropathy have a low capacity for galactosylation. Two possible mechanisms for reduced galactosylation have been reported: elevated expression of ST6 N-acetylgalactosaminide α-2,6-sialyltransferase 2 (ST6GALNAC2), which prematurely sialylates N-acetylgalactosamine (GalNAc) and prevents addition of galactose to GalNAc, and decreased expression or lower activity of core 1 β1,3galactosyltransferase (C1GALT1) [16] . Therefore, we speculate that EBV-transformation of the affected patient's B cells may have produced galactose-deficient IgA1 in the absence of mucosal infection. Although the glomerular IgA deposition in our patient may have merely represented non-specific trapping due to the high serum level of IgA, C3c deposition was concurrently distributed, and therefore we speculate that the IgA deposition may have been involved in the pathogenesis. EBV DNA has also been detected in tissue lysates of renal biopsy specimens from patients with various glomerular diseases such as IgA nephropathy, membranous nephropathy and focal/segmental lesions [17] . The EBV DNA detection rate was reportedly higher in subgroups with mesangial injury or immunoglobulin deposition than in subgroups without these features, suggesting that EBV might damage the glomerular mesangium through an immunoglobulin-mediated mechanism [17] . Although this does not necessarily mean that EBV is causative, it is conceivable that EBV might play a role in the progression of IgA nephropathy. Although we found no EBV genome-positive cells in the renal tissue, as glomerular complications may develop through an antibody-mediated humoral mechanism, we believe that paucity of the EBV genome in kidney tissue might not in itself be contradictory. Taken together, the evidence suggests that IgA nephropathy, and also other glomerular diseases, might develop from-or be affected by-EBV infection.
In the present patient, renal function deteriorated rapidly despite steroid therapy, possibly reflecting the advanced renal damage demonstrated in the biopsy sample. The urinalysis abnormalities seen in the present case had preceded hospitalization for at least several years, suggesting that the glomerular injury related to EBV infection may have been present several years before presentation, thus explaining the substantial histological damage. Although we considered a more potent treatment such as steroid pulse therapy, in view of the progression of the patient's renal biopsy findings, we were concerned that potentially harmful side effects might outweigh any gains, and therefore we decided to administer only oral steroid. Treatment may have been more successful if the diagnosis had been made earlier when renal damage was less advanced.
In this case, the role of mosquito bites in disease development remained unknown. The patient developed an intense skin lesion after suffering the mosquito bites, and a markedly high IgE level, which made us suspect HMB, which is now recognized to develop with chronic EBV infection [3, 4] . However, as reported cases of HMB are usually of the T/NKcell type [18] , the present case was atypical, and we were unable to diagnose it as HMB. Considering the temporal relationship between the mosquito bites and deterioration of renal function, we speculate that immune responses induced by the mosquito bites, such as a cytokine storm or increased production of gamma-globulin, may have triggered exacerbation of her disease in a background of chronic EBV infection. However, as no previous reports have discussed the relationship between such renal complications and mosquito bites, any direct role of the latter in the IgA nephropathy needs to be carefully considered.
CAEBV is a potentially lethal hematologic disorder associated with the chronic replicative form of EBV infection in which T/NK cells are usually infected [19] . Patients with this condition are usually children or adolescents, and they manifest recurrent infectious mononucleosis-like symptoms. In the present case, as only B cells were positive for the EBV genome and no infectious mononucleosis-like symptoms were evident, the proposed diagnostic criteria were not met [20] .
Many points remain to be clarified regarding renal involvement in chronic EBV infection. We speculate that only a proportion of patients with IgA nephropathy may be affected by EBV infection. However, we are unable to draw any conclusions regarding differences between patients with IgA nephropathy who are affected by EBV and those who are not. It is also uncertain why many normal individuals harboring latent EBV infection lack urinary abnormalities. We speculate that the replicative form of EBV infection, as seen in this case characterized by increases in both viral genome copy number and EBV antibody titer, may contribute to or affect disease progression through immune responses. Therefore, we speculate that the status of EBV infection-latent or replicative-may need to be considered in the pathogenesis of glomerular complication. However, no sufficiently convincing explanation for the relationship between IgA nephropathy and EBV infection has yet been established, and therefore we are unable to make any definitive statement about the contribution of EBV infection.
In conclusion, we have described a case of acute kidney injury in an adult patient with IgA nephropathy and chronic EBV infection. Physicians may need to consider the possibility that chronic EBV infection may affect the clinical course of IgA nephropathy.
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